About functional parameters of a LED / UVLED (Light Emitting Diode/Ultra Violet LED), one of the most important parameters is the I-V characteristic. By researching factors affect to the I-V characteristic of uvled, we found that beside of the structure of the device itself, there is the influence of the electrode materials, electrode shapes, the process of wiring and packaging. In this work, we want to improve the performance of UVLED to find out the optimal mask design principles. The study is based on theoretical mathematical models, as well as the use of simulation software tool Comsol. From all results obtained, the team has improved mask design to manufacture electrodes for GaN-based UVLED. Electrode masks are designed by three softwares, which are Intellisuite, Klayout and AutoCad. Intellisuite masks would be used in fabrication simulation while Klayout and AutoCad are used to fabricate electrodes in experiments. As well as, we silmulated the structure of an uvled 355nm emission wavelength by TCAD software, in order to compare with uvled sample that has the same emission wavelength.
To solve above issues, we has focused on building models to figure out design principles for its electrode shape. We also propose steps in an electrode fabrication process for them on both simulations and experiments.
The content presented in this report: 
Mathematic apporach
We assume the current in LED is uniform with current density, J. When Jisthe current density and .tn-electrode +ρ n .tn)+Va .
In which:
J : the uniform current density in the LED structure (A/m2).
ρp-electrode:the resistivity of the electrode p.
tp-electrode:thickness of the electrode p.
ρ p:the resistivity of the p-GaN layer.
tp:the thickness of the p-GaN layer.
ρ n-electrode : the electrode resistivity of electrode n .
tn-electrode:thickness of the electrode n.
ρ n: the resistivity of the n-GaN layer.
tn:the thickness of the n-GaN layer.
Va:the voltage in the active layer.
Similarly, the voltage at the second road B is calculated by the model:
VroadB=J.(ρ p-electrode .tp-electrode +ρ p .tp+ρ n-electrode .tn-electrode +ρ n .l)+Va
In which, lis the horizontal distance in the n-GaN layer where current moves: The study of shape of electrodes and I-V characteristics for Ultraviolet LED resistivity of the n-GaN or decrease parameter l. To reduce the resistivity ρn, we have to increase the doping concentration in the n-GaN. But this method has a disadvantage is that the doping concentration of GaN can only be adjusted within a certain limitation [1] . When we dope into nGaN too much, it will damage the lattice structure of GaN. Thus, the best way is to reduce thevalue of parameter l.
Resistence of electrodes
In addition to the parameters affect to a density of LED that has been analyzed in the section above, there is another factor also impacts on the When we survey the influence of electrode shapes to the resistance values, the electrode shapes must meet the criteria is that the cross section and the total length must be the same. This means that in theory, the resistance value would be equal because of the same input parameters. But in reality, because of influence of the shape, the resistance value is different indeed.
Silmulation results
This phenomenon can be explained: although in theory, all three shapes have the same length l and cross-sectional area S, but in the shape of the electrode that has segments, the current would not go the entire distance, but it just focuses at an
angle. This causes that a current density at that corner increases, and the distance of current is in fact shorter than it does in theory. The more segments are there in shapes, the smaller resistor is.
The results are shown with the same rule when we simulate with other materials as Ni, Au and Al, shown in Table 1 . The results showed that the material Gold (Au) have the lowest resistance, which followed by aluminum (Al) and nickel (Ni). For each material, the resistance value also showed the same rule. Therefore, we figure out the solution for ideal resistance shape:
. The space between the positive / negative electrode must be short, but not too short to avoid parasitic current.
. Density of metal electrode on surface must be high. Electrode shape should have many branches and uniform.
. There are many branches of electrode to reduce the value of the resistance.
Mask design for electrodes
The mask would be designed by the three Step 1: Manipulation on UVLED EPI wafer and photoresist coating Organic contamination on the wafer is cleaned with H2SO4
and DI water, dried with N2.
Step 2: Photolithography process on EPI wafer with mask 1, including: -Coating primer on the wafer surface, using a spin coating.
-Coating photoresist on the surface of the wafer.
-Heating wafer on hotplate at a temperature of 11500C in the 50s.
[2]
-Photolithography with mask 1, using a Mask Aligner MJB4
-Removing the photoresist with AZ726 MIF solution.
Then, heatting wafer on a hotplate at a temperature of 12500C for 60s.
Step 3: Wet etching the GaN layers. cleaned with DI water and N2 gas blowing.
Step 4: Sputtering Ni (500nm) / Al (1,000 Nm)
We used the DC magnetron sputtering, ACS-4000-C4. Gas is used is argon. Equipment used two 200V DC power supply and RF 60 Hz with 4 cathode. 
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Step 5: The process of photolithography with mask 2
Includingtwo stages:
-Coating (photoresist) on the wafer surface, turning light and heat.
-Lithography process with mask 2, using a Mask Aligner MJB4.
Step 6: Etching the layers of Al and Ni. In comparsion to conventional UVLED electrodes, the distance between cathode and anode is about 310 µm. We can see the distance in optimal electrode is two times shorter than the conventional electrode.
The I-Vchracteristics for UVLED
We conducted simulation of I-V characteristics of GaN-based UVLED with structure: We write program code 355nm structure by TCAD software to silmulate I-V characteristic and emission wavelength.
We also conducted some experiments to revise the I-V charateristic and emission wavelength of 355nm UVLED to compare with the results of simulation. The study of shape of electrodes and I-V characteristics for Ultraviolet LED The study of UVLED structures with multiquantun wells (MQWs) already reported by our group via the means of SiLENSE with many usefl data for our next fabrication [5, 7, 8] . Moreover, the design and fabrication for capacitive pressure sensor (CPS) for high temperature application also studied in fabrication process [6] via the co-operation research group in Japan. Therefore, the study of shape of electrodes and I-V characteristics for Ultraviolet LED will be useful data for our next step of the fabrication process of uvled in SHTP.
